INTRODUCTION
For hot water soluble polysaccharides like agar, carrageenan, rheological studies can provide important information on the stability of gels under applied stress and strain conditions, dynamic viscosities, variation of loss and storage moduli with frequency, time and temperature. Rheological properties of thermoreversible gels were correlated with the molecular characteristics of junction zones formed by ordered helices [1] . For example, the storage modulus. G', of a gel is proportional to the average number of junction zones within the gel network. Clark showed that the dependence of the modulus on polysaccharide concentration increased with the average number of double helices participating in a junction zone [2] .
The phycocolloids are viscous in nature and the type of raw material and processing conditions affect the viscosity of agar and other phycocolloid dispersions. Once gelation begins, however, viscosity at constant temperature increases with time as well as with decreasing temperature. Viscosity change (decrease) with shear rate shows the gel thinning property.
It is clear, that the G' (storage) and G'' (loss) depend on temperature, frequency and shear rate. G' decreases with increasing temperature while G'' increases with increasing temperature. There exists a linear relationship between the changes in time and frequency with those of G' and G'', while G' always remains higher than G''.
RHEOLOGICAL STUDIES ON AGAR GELS AND AGAR, CARRAGEENAN BASED FILM FORMING DISPERSIONS
The main work of this thesis is divided into four parts and eight chapters, which are summarized below. The main aim of the work is to provide an insight towards the rheological and chemical behaviours of agar gels extracted from same seaweed collected from different locations and seasons. Preliminary objective of the work are a) To investigate rheological properties of agar and agar, carrageenan based film forming dispersions. b) To fit the rheological characteristics observed for agar gels and 2% agar and carrageenan film forming dispersions in two existing rheological models. To study on the validity of these two rheological models for 0.5, 1 and 1.5 % agar sols and 2% film forming dispersions were studied at 45˚C.
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The main aim of the work is to study the physicochemical and rheological behaviour of agar gel extracted from a red seaweed Gelidiella acerosa collected from various locations and seasons in southeast coast and west coast of India. The thesis also deals with the rheological studies of agar gels in presence of various additives including surfactants and fatty acids as well as agar and carrageenan based film-forming dispersions. The observed shear viscosity values were correlated with existing rheological models. It was observed from the shear viscosity studies that agar gel become more gel thinning in presence of non ionic surfactants as well as in presence of fatty acids. Oscillation sweep measurements revealed that the agar gel become liquid like in presence of nonionic surfactants and opposite is true in presence of ionic surfactants. The film forming dispersions prepared from agar and plasticizers had inferior rheological behaviour in comparison to k-carrageenan based thin film forming dispersions. All the agar gel samples collected from various locations displayed different rheological behaviours.
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RHEOLOGICAL BEHAVIOUR OF AGARS OF GELIDIELLA ACEROSA OF WEST AND SOUTHEAST COASTS OF INDIA
The comparison of the steady rheological characterization of the two best samples of agar from Okha (west coast collection) and Krusadai island (southeast coast collection) in 2001. The dynamic shear viscosity, h, decreased with increasing shear rate, g, corresponding to a shear-thinning behavior in agar samples as expected. The effect of shear was pronounced on agar from Okha in comparison to the agar from Krusadai island (Figure 1 ). This indicates that the agar extracted from Gelidiella acerosa collected from Krusadai Island is less susceptible to gel thinning than those of Okha and the other agar samples obtained from the west coast. Thermal variation in the small deformation moduli observed on cooling of 1.5% (w/v) various agar matrices were studied. On cooling both G' and G'' increased rapidly around 48 -50˚C. It has been observed that the increment in G' and G'' in more for the agar gel samples from Krusadai Island and Ervadi, followed by Okha, Veraval, Dwarka and Porbandar, this indicates less flexibility or higher elasticity of these agar gels in comparison to that of Okha, veraval, dwarka and Porbandar. The increment is the lowest for Porbandar indicating weaker gel structure for this agar. A subsequent time sweep at 25˚C shows relatively weak modulus with no time dependence. It has been observed that there is no syneresis for the agar gel samples from Krusaidai Is, Ervadi and Okha (evident from steady G' values with increasing time) and syneresis for the agar gel samples from Dwarka, Veraval and Porbandar (evident from decreasing G¢ values with increasing time). It was observed that the tan d values were less than unity at different frequency values (1 -10 Hz) this indicates that the frequency changes do not have any effect on the nature of agar gel samples. The tan d values (G''/G') for agar obtained from Okha is more than that of agars from Krusadai as well as Ervadi indicating the presence of more viscous components in the former.
RHEOLOGY OF BACTERIOLOGICAL AGAR FROM GELIDIELLA ACEROSA COLLECTED FROM GULF OF MANNAR, BAY OF BENGAL
The 0.3 % w/v agar dispersion can be judged as a semi-dilute polymer solution based on the predominant G' over G'' at low frequencies and a crossover of G' and G'' in the higher frequency range (ca. 20 Hz). The concentration was further increased to 1.5% (w/v) and compared with 0.5% (w/v). Both samples exhibited typical gel type mechanical spectra i.e., G' > G'' in the entire frequency range examined. The moduli of the true gels is almost frequency independent with tan d (= G''/G') values less than 0.1 at all examined frequencies, suggesting that the gel was predominantly elastic. The moduli of the dispersion at lower concentrations are slightly dependent on frequency and tan d values were ca 0.33. Slightly frequency dependent moduli and tan d values over 0.1 are typical rheological signatures of a weak gel system [3] .
Temperature dependencies of G' and G'' for various concentrations w/v agar gel (0.5 -1.5 %) are summarized in Figures 2a and 2b . This experiment was conducted by decreasing temperature from 90˚C to 20˚C. As expected, it was observed that with decrement of temperature G¢¢ decreases and reverse trend was observed for G¢ values. At ca. 40˚C which is the transition temperature of sol to gel, there was a sudden change in the values of G' and G''. Further, with decrement of temperature the latter values either increases or level off [4] . The observation is in good agreement with the gelling temperature determined by the method described by Craigie et al. [5] . No such behaviour was observed for gels of concentrations lower than 0.5 % (w/v). The linear viscoelastic region of the true gel (1 % and 1.5 % w/v) was observed up to a strain value of ca. 0.1; the gel got fractured at a strain value ca. 0.2. But for agar dispersion in low concentration, the linear viscoelastic region extended up to a value of 0.2 beyond which the spectra remained linear showing no sign of fracture of gel network (Fig. 3) .
Rheological model attempts have been made to fit the rheological characteristics observed for agar gels and 2 % agar and carrageenan film forming dispersions in Ostwald de Waele and Herschel-Buckley Model. Validity of these models for 0.5, 1, and 1.5 % agar sols and 2% film forming dispersion for agar and carrageenan at 45oC were studied. It was observed that, for Ostwald de Waele model, the flow index is increasing from 0.5 to 1.5 % at 45˚C and stiffness indices decreases. This means the fluidity increasing with increase in concentration i.e., more rupture in the structure for higher concentration under applied shear. Since 1.5 % agar sol shows some yield stress hence the HerschelBuckley model is more suitable for 1.5 % agar sol. On the other hand for 0.5 % agar sol the consistency index in Herschel-Buckley model is more, which is not true, hence this model is not applicable to 0.5 % agar sol. Similarly since 1 % agar sol do not possess yield stress hence Herschel-Buckley model can not be fitted for the behaviour, determination factor in all cases tends towards unity. It can be concluded that for lower concentration of agar sols at higher temperature Oswald de Waele or the power law model is more applicable and for sols having higher concentration (i.e. with yield stress) the Hershel-Buckley model is applicable.
RHEOLOGICAL MODEL FOR FILM FORMING DISPERSIONS
At higher temperature agar and refined kappacarrageenan gels behaves as sols with random single strands, as temperature decreases the single strands come closer and form double helices, which finally forms gel network by means of developing junction zones. Since film casting with such polysaccharides is made only at higher temperature hence models were examined at the sol states for these polysaccharide dispersions. It was observed that the flow behaviour of 2 % agar film forming dispersion fits well on the Oswald de Waele model. Similarly for 2 % refined kappa-carrageenan film forming dispersions fits well on the Herschel-Buckley model. On the other hand the trend of dynamic viscosity values indicate that in refined kappa-carrageenan film forming dispersions Ostwald de Waele model suits well, showing no yield stress.
We hope the rheological investigations on agar gels and agar, carrageenan based thin film forming dispersions and study on the validity of rheological models will stimulate further rheological studies on seaweed polysaccharides of Indian source 
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